The genus Paenibacillus, proposed by Ash et al. (1993 Ash et al. ( /1994 to accommodate bacilli of '16S rRNA group 3', which consists of aerobic or facultatively anaerobic, rod-shaped bacteria that produce ellipsoidal endospores in swollen sporangia, show cell-wall features typical of Gram-stainpositive bacteria but sometimes stain negatively, share common physiological features and have DNA G+C contents of 40-54 mol%. The type species of the genus is Paenibacillus polymyxa, the first described member of this group, and the majority of members of this genus are inhabitants of humus-enriched soils and are decomposers of plant materials (Ash et al., 1993 (Ash et al., /1994 . At the time of writing, more than 130 species of the genus Paenibacillus have been recognized, and several of these species are able to hydrolyse xylans, mannans and other hemicelluloses (Zamost et al., 1991; Morales et al., 1995; Hespell, 1996; Aÿ et al., 1998; Nielsen & Sorensen, 1997; Lee et al., 2000; Pason et al., 2006; Khianngam et al., 2009; Moon et al., 2011) . The purpose of this study was to describe a strain that shows b-mannanase activity isolated through conventional microbial screening from soil using guar gum as the sole carbon source for industrial applications.
Guar gum, from the endosperm of the guar plant, Cyamopsis tetragonaloba (L.) Taub, is composed mainly of high molecular mass galactomannan with a linear backbone of b-1, 4-D-mannopyranosyl units with (1A6)-linked a-D-galactopyranosyl units as side chains. The mannose to galactose ratio is approximately 2 : 1 (Goldstein & Alter, 1959) . The molecular mass range of guar gum is 50 000-8 000 000 Da.
b-Mannanases (endo-b-1,4-D-mannanases, EC 3.2.1.78) are a group of mannanolytic enzymes that hydrolyse the b-1,4-D-mannopyranosyl linkages in galactomannans (mannans and glucomannans) to mannan oligosaccharides and mannose. Several bacterial and fungal species that utilize galactomannan as a carbon source produce mannanolytic enzymes, which include b-mannanase and other hemicellulases (McCleary, 1988; Dhawan & Kaur, 2007; Gírio et al., 2010) .
A novel bacterium, designated strain CMG1240
T , was isolated in 1988 from mixed soil samples collected from the United States and South American countries. This strain was isolated based on selective enrichment using guar gum (Sigma) as the sole carbon source for growth, using conventional screening methods for microbial isolates with enzyme activity to hydrolyse galactomannans (Committee on Codex Specifications, 1981; Kluepfel, 1988; Araujo & Ward, 1990) . In detail, a mixture of soil samples was added to selective enrichment broth containing 10.0 g guar gum (Sigma) l 21 and 5.0 g ammonium sulfate l
21
, with pH adjusted to 9.5. The cultures were incubated in baffled Erlenmeyer flasks at 37 u C for 4 days with shaking at 350 r.p.m. Four dilutions (1 : 10, 1 : 20, 1 : 800 and 1 : 50 000) of the initial cultures were made with fresh selective enrichment broth and further incubated at 37 u C for 4 days. The culture from the 1 : 50 000 dilution was used to prepare a dilution series (10 21 to 10 28 ) in saline (0.85 %, w/v, NaCl), which were plated on selective enrichment agar and incubated at 37 u C for 5-7 days.
One litre of the selective enrichment agar contained: 2.0 g guar gum, 1.0 g Na 2 PO 4 , 3.0 g Na 2 SO 4 ) and 1.0 ml vitamin solution (per litre: 1.0 g vitamin B12, 1.0 g riboflavin, 1.0 g pyridoxine, 1.0 g D-biotin, 1.0 g thiamine hydrochloride, 1.0 g nicotinic acid, 1.0 g calcium Dpantothenic acid). Nine single colonies which differed in colonial morphology were selected from the highest dilution plates and streaked three successive times until pure single colonies appeared on the selective agar medium. Strain CMG1240 T , a small and circular colony, was thus isolated and further cultivated on tryptic soy broth agar (TSBA) (BD Difco TM ) to determine colony and cell morphology.
The pure culture was tested for hemicellulase (b-1,4-Dmannanase, EC 3.2.1.78) activity initially by using colloidal guar gum solution as substrate to monitor changes in viscosity according to procedures described in the Food Chemicals Codex (Committee on Codex Specifications, 1981) , and later by a colorimetric assay modified from a procedure described previously (Kluepfel, 1988) , and a quantitative reducing sugar assay described earlier (Araujo & Ward, 1990) . Studies were conducted on strain CMG1240
T to determine pH and temperature growth conditions, culture medium components (carbon and nitrogen sources), growth profile, morphological features and physiological properties (Fodge et al., 1996; Fodge & Anderson, 2003) . Lack of motility was confirmed by wetmount using phase-contrast microscopy and by absence of colony spreading on semi-solid TSBA. Gram-staining was performed using a commercial Gram-stain kit (BD Diagnostics) with additional testing done at the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ; Braunschweig, Germany). Strain CMG1240
T was considered Gram-stain-variable based on this testing; this is consistent with the genus Paenibacillus, strains of which are often found to show weak Gram-staining (Ash et al., 1993 (Ash et al., /1994 Kämpfer et al., 2012) . The strain was characterized based on acid production, biochemical and taxonomic features, 16S rRNA gene sequencing and analysis, and DNA-DNA hybridization for species differentiation. Comprehensive phylogenetic analysis was conducted on the 16S rRNA gene with its closest relatives in the genus Paenibacillus.
Strain CMG1240
T formed colonies 1-2 mm in diameter (growth for 72 h at 37 u C on TSBA) exhibiting circular, convex, smooth-to-shiny, butyrous, opaque to semi-translucent undulate morphology. Using phase-contrast microscopy, cells were 0.820.9 mm in width, 2.525.0 mm in length and rod-shaped, occurred singly or in pairs, and bore a single ellipsoidal endospore in swollen sporangium (Fig. S1 , available in the online Supplementary Material). Optimal growth in TSB was observed at a pH of 7.5 (range pH 6.0-10.0) and 41 u C (range 30-50 u C). Biochemical characterization of strain CMG1240
T was conducted using the Biolog GN System (Fodge & Anderson, 2003) and by the Identification Service of the DSMZ for carbon source utilization profile. Biolog GEN III test results determined in this study are listed in Table 1 for strain CMG1240 T and for two closely related species in the genus Paenibacillus, Paenibacillus fonticola LMG 23577 T and Paenibacillus woosongensis DSM 16945 T . Analyses of chemotaxonomic properties such as polar lipid composition, respiratory quinones and fatty acid methyl esters were carried out. The predominant cellular fatty acids of strain CMG1240
T were anteiso-C 15 : 0 and C 16 : 0 , similar to those reported for the genus Paenibacillus (Table 2) , a key chemotaxonomic property. The strain exhibited cellular and biochemical characteristics similar to those of Bacillus polymyxa (Claus & Berkeley, 1986; Shida et al., 1997) , which was renamed Paenibacillus polymyxa (Ash et al., 1993 (Ash et al., /1994 and its description emended (Shida et al., 1997; Kämpfer et al., 2006; Logan et al., 2009) . In particular, the fatty acid profile showed a highest content of anteiso-C 15 : 0 . In addition, MK-7 was found to be the sole detectable menaquinone; the peptidoglycan structure was A1c (meso-diaminopimelic aciddirect) (Schleifer and Kandler, 1972) , and analysis of polar phospholipids showed the major components diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, and unknown glycolipids, phospholipids, phosphoglycolipids and other lipids (Fig. S2 ).
More than five million base pairs of the genomic DNA of strain CMG1240
T have been sequenced (data not shown). Based on the known DNA sequence information, the G+C content was calculated to be 46.4 mol%. Recently, the DNA G+C content was determined experimentally to be 46.1 mol% by the DSMZ using the HPLC method (Cashion et al., 1977; Mesbah et al., 1989; Tamaoka & Komagata, 1984) . Results from these studies were comparable and are within the range 40-54 mol% for the genus Paenibacillus as given by Ash et al. (1993 Ash et al. ( /1994 , and similar to that of the type species, P. polymyxa (Nakamura, 1987) .
The complete 16S rRNA gene sequence of strain CMG1240 T was determined, which was PCR-amplified from genomic DNA (primers: 357R, 59-CTGCTGCCTCCCGTA-39; 900R, 59-CCGTCAATTCATTTGAGTTT-39; 10-30F, 59-GAGTT-TGATCCTGGCTCA-39; and 800F, 59-ATTAGATACCCT-GGTAG-39), purified (Rainey et al., 1996) and subjected to direct sequencing using the CEQ TM DTCS Quick Start kit (Beckmann Coulter) following the manufacturer's protocol. Sequence reactions were electrophoresed using the CEQ TM 8000 Genetic Analysis System. All sequencing was conducted by the DSMZ.
To determine the taxonomic affiliation and phylogenetic position of strain CMG1240 T , a preliminary investigation of its 16S rRNA gene sequence was conducted. The identification of phylogenetic neighbours was initially carried out using the BLASTN (Altschul et al., 1997) program against the database containing type strains with published prokaryotic names and representatives of uncultured phylotypes using the EzTaxon-e web-based application (http:// eztaxon-e.ezbiocloud.net, date of analysis 15 September 2013) (Kim et al., 2012) . All pairs of sequences were then globally aligned and scored for percentage similarity by the Needle program, part of the EMBOSS sequence analysis package (Rice et al., 2000) . The complete 16S rRNA gene sequence of strain CMG1240
T showed highest similarity of 97.6 % to P. fonticola ZL T . Pairwise comparisons indicated T as an outgroup) were aligned using PyNAST v0.1 (Caporaso et al., 2010) with SSU_ rRNA_bacteria (RFAM RF00177) as a seed template alignment. The alignment was trimmed to remove leading and trailing gaps with GeneDoc version 2.5.010 (Nicholas et al., 1997) . All phylogenetic inference was done with PHYLIP (Felsenstein, 1989) version 3.61. One thousand replicates were independently generated for each of the three inference methods with SEQBOOT. Maximum-likelihood, maximum-parsimony and neighbour-joining analyses were completed with the PHYLIP tools DNAML, DNAPARS and DNADIST/NEIGHBOUR, respectively, with default arguments. Extended majority-rule consensus trees were calculated using the CONSENSE tool in PHYLIP. Trees were outgrouprooted and visualized with TreeView version 1.6.6 (Saitou & Nei, 1987; Page, 1996) (Fig. 1 for the maximum-likelihood tree; Fig. S3 for the maximum-parsimony and neighbourjoining trees). The results from all of the above phylogenetic, phenotypic, fatty acid content and DNA G+C content analyses provided conclusive evidence that strain CMG1240 T belongs to the genus Paenibacillus (Keswani &Whitman, 2001; Drancourt et al., 2000; Tindall et al., 2010; Busse et al., 1996) , and is related most closely to P. fonticola and P. woosongensis.
To determine the species affiliation of strain CMG1240 T , spectroscopic DNA-DNA hybridization was performed at the DSMZ against P. fonticola DSM 21315 T , its closest relative based on 16S rRNA gene sequence similarity. Cells were disrupted by using a French pressure cell (Thermo Spectronic) and the DNA in the crude lysate was purified by chromatography on hydroxyapatite as described by Cashion et al. (1977) . DNA-DNA hybridization was carried out as described by De Ley et al. (1970) with modifications described by Huss et al. (1983) , using a model Cary 100 Bio UV/VISspectrophotometer equipped with a Peltier-thermostatted 666 multicell changer and a temperature controller with insitu temperature probe (Varian) in 26 SSC at 69 u C. The level of DNA-DNA relatedness between these two strains was 16.6 % (12.7 % in a duplicated run). These results clearly demonstrated that strain CMG1240
T does not belong to P. fonticola given the recommendations of a threshold value of 70 % or greater DNA-DNA relatedness for the definition of a bacterial species (Wayne et al., 1987) .
A growth rate study was performed to compare strain CMG1240 T with three closely related species based on 16S rRNA gene sequence similarity (Fig. 1) T by a factor of 8-, 12-and 15-fold, respectively (data not shown).
In summary, the comprehensive genotypic and phenotypic data reported herein provide clear evidence that strain CMG1240 T represents a novel species of the genus Paenibacillus, for which the name Paenibacillus lentus sp. nov. is proposed.
Description of Paenibacillus lentus sp. nov.
Paenibacillus lentus (len9tus. L. masc. adj. lentus slow, delayed, referring to its slow growth).
Cells are aerobic, Gram-stain-variable, endospore-forming, non-motile and rod-shaped, occur singly or in pairs, and (Chou et al., 2007) and P. woosongensis DSM 16945 T (Lee & Yoon, 2008) differ from those reported previously, prior data is given in parentheses.
Paenibacillus lentus sp. nov. (Felsenstein, 1989) was used to reconstruct the dendrogram, with Bacillus subtilis DSM 10 T introduced as an outgroup Bar, 0.01 substitutions per nucleotide position.
are 0.8-0.9 mm in width and 2.5-5.0 mm in length as vegetative cells. The sporangia are swollen with ellipsoidal spores, which have a central or paracentral position. The optimal temperature and pH for growth are 35-41 u C and pH 7.5, and growth occurs from 30 to 50 u C and from pH 6.0 to 10.0. Catalase-positive and oxidase-negative. Growth occurs in the presence of 1-4 % NaCl, but is inhibited by higher concentrations. The only menaquinone detected is MK-7. The main cell-wall sugar is xylose. The major polar lipids are diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, and unknown glycolipids, phospholipids, phosphoglycolipids and other lipids. The peptidoglycan structure is A1c (meso-diaminopimelic acid-direct). The major fatty acids are anteiso-C 15 : 0 and C 16 : 0 . Grows in the presence of starch, glucose, sucrose, arabinose, mannitol, melibiose and inositol; negative for casein and gelatin decomposition, and the Voges-Proskauer reaction.
The type strain, CMG1240 T (5ATCC BAA-2594 T 5DSM 25539 T ), was isolated from a mixed soil sample collected from the United States and South American countries. The authors work for the organization that isolated the strain. The DNA G+C content of the type strain is 46.4 mol% (analysis of the genomic DNA) and 46.1 mol% (HPLC).
